We describe a pilot survey conducted with the Mopra 22-m radio telescope in preparation for the Millimeter Astronomy Legacy Team Survey at 90 GHz (MALT90). We identified 182 candidate dense molecular clumps using six different selection criteria and mapped each source simultaneously in 16 different lines near 90 GHz. We present a summary of the data and describe how the results of the pilot survey shaped the design of the larger MALT90 survey. We motivate our selection of target sources for the main survey based on the pilot detection rates and demonstrate the value of mapping in multiple lines simultaneously at high spectral resolution.
INTRODUCTION
The goal of the Millimeter Astronomy Legacy Team Survey at 90 GHz (MALT90) is to characterize the physical and chemical conditions of dense molecular clumps associated with high-mass star formation over a wide range of evolutionary states. MALT90 will do this by taking advantage of the newly upgraded Mopra Spectrometer (MOPS 1 ) and the fast mapping capability of the Mopra 22-m radio telescope 2 . The survey will obtain molecular line maps of 3000 candidate dense molecular clumps. The clumps will be selected so as to cover a broad range of evolutionary states, from pre-stellar clumps to accreting high-mass protostars and on to H II regions. The survey will be conducted at 90 GHz because this frequency regime contains numerous molecular lines which have typical critical densities for collisional excitation of 10 5 cm −3 and are therefore excellent tracers of dense gas. Such data will allow us to study the Galactic distribution of these clumps, their physical properties, and their chemical variation and evolution; this basic information is necessary to constrain theories of high-mass star formation. In addition, MALT90 will provide a valuable database of dense molecular clumps associated with high-mass star formation for future ALMA observations. MALT90 will map roughly 3,000 dense molecular clumps, providing an order of magnitude more sources than previous comparable surveys (e.g., Shirley et al. 2003; Pirogov et al. 2003; Gibson et al. 2009; Wu et al. 2010) . A large number of sources will allow us to divide the sample into sub-samples (based on mass, evolutionary phase, etc.) yet retain a sufficient number of sources in each sub-sample for statistical analysis. Because dense molecular gas occupies only a small solid angle of the Galactic plane and molecular emission at 90 GHz is relatively faint, a blind fully-sampled 90 GHz survey of a significant portion of the Galactic plane is impractical. Instead, we must choose targets based on other methods for identifying dense molecular clumps. The main purpose of the MALT90 pilot survey described herein is to choose the best method for identifying dense molecular clumps, with the twin aims of having a high percentage of detections within our sensitivity limits and covering a broad range of evolutionary states.
Throughout this paper, we will use the term "dense molecular clump" to refer to our sources. The choice of "clump" follows the naming system used by Williams et al. (2000) and Bergin & Tafalla (2007) which distinguishes between molecular clouds, clumps, and cores. In this scheme, clumps are coherent regions in position-velocity space with typical masses of 50-500 M ⊙ , typical sizes of 0.3-3 pc and typical mean densities of 10 3 -10 4 cm −3 which may contain additional substructures called cores which give rise to individual stars or stellar systems. Our goal in MALT90 is to identify and map the clumps that give rise to a cluster of stars containing one or more high-mass stars. This paper will focus predominantly on the technical validation of the survey and explain the design choices motivated by the pilot survey. Data from the pilot survey will be combined with the full MALT90 survey data (where the diverse selection criteria in the pilot survey are not detrimental to statistical analysis) for the specific scientific projects in MALT90. These analyses will appear in future papers. A proposed evolutionary sequence for high-mass star formation, running from pre-stellar clumps [left] , to clumps with embedded accreting protostars [middle] , to H II regions [right] . These three-color images show IRAC band 1 (3.6 µm) as blue, IRAC band 4 (8.0 µm) as green, and MIPS 24 µm as red. These categories correspond to different Spitzer emission morphologies and motivated the three different catalogs based on GLIMPSE and MIPSGAL data. Specifically, clumps which are dark at GLIMPSE wavelengths (3.6 -8 µm) are identified as pre-stellar, clumps with a MIPSGAL 24 µm point source are identified as protostellar, and clumps with extended 8 µm flux are identified as H II regions.
TARGET SELECTION
We used six different input catalogues for selecting sources; three were lists that we produced for our pilot survey and three were based on pre-existing catalogs. From these lists we chose 20 -40 sources near integer Galactic longitudes covering the range of longitudes accessible from Mopra. This assured a random selection of sources from the three pre-compiled lists and allowed us to focus on a limited portion of the sky when developing our own lists, while still covering a broad range of Galactic longitudes. The six selection criteria are summarized in Table 1 .
The first three lists were produced for our pilot survey. For these lists we chose sources based on the mid-infared morphology of candidate dense molecular clumps as revealed by two Spitzer Space Telescope Legacy surveys: the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE; Benjamin et al. 2003 ) and the 24 and 70 Micron Survey of the Inner Galactic Disk with MIPS (MIPSGAL; Carey et al. 2009 ). GLIMPSE covers the Galactic plane in the Infrared Array Camera (IRAC; Fazio et al. 2004) bands from 3.6 to 8.0 µm, while MIPS-GAL covers much the same area at 24 and 70 µm using the Multiband Infrared Photometer for Spitzer (MIPS; Rieke et al. 2004) .
We examined the GLIMPSE and MIPSGAL mosaics using three criteria designed to select sources in distinct evolutionary states as shown in Figure 1 . A preliminary version of the Peretto & Fuller (2009) catalog of Infrared Dark Clouds (IRDCs) was used to identify 8 µm extinction features near integer Galactic longitudes. This catalog was then trimmed to remove any sources which contained a 24 µm point source (since this is most likely a protostar). We refer to this the GLIMPSE-Dark catalog, and these sources should correspond to the earliest phase of high-mass star formation. We then examined the Spitzer mosaics near integer Galactic longitudes by hand to choose candidate dense molecular clumps containing either 24 µm point sources or bright extended 8 µm emission. If a clump of 8 µm dark extinction was cosearch Council Grants scheme for Linkage, Infrastructure, Equipment and Facilities (LIEF), and in part by CSIRO Astronomy and Space Science.
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incident with a 24 µm point source, we assigned it to the MIPSGAL catalog and classified this candidate clump as protostellar. In the case of bright extended emission at 8 µm we assigned the source to the GLIMPSE-Bright catalog and classified it as an H II region.
The correspondence between the appearance of a source in the Spitzer surveys and its evolutionary state is clearly imperfect. The projection of unrelated objects along a given line of sight, inhomogeneities in the diffuse 8 µm emission, and sensitivity limits (e.g., our ability to detect 24 µm point sources will depend on intrinsic luminosity and distance) are three possible sources of misidentification. However, this system provides a quick and uniform way to make an initial assessment of a candidate dense molecular clump's evolutionary state.
The other three lists in our pilot survey were produced using pre-existing catalogs. The first came from the H 2 O Southern Galactic Plane Survey (HOPS; Walsh et al. 2008) which used Mopra at 1.2 cm to map the Galactic plane from −70
• < l < 30 • in NH 3 and H 2 O. Because the HOPS NH 3 (1,1) and (2,2) lines have a similar critical density (n ∼ 10 4 cm −3 ) as the MALT90 90 GHz lines (n ∼ 10 5 cm −3 ), bright NH 3 sources in HOPS are likely to be detected by Mopra in the 90 GHz lines. The last two catalogs came from mm/submm continuum surveys which reveal the location of regions with high dust column density, typically corresponding to dense molecular clumps. The Beltrán et al. (2006) survey at 1.2 mm made maps around Infrared Astronomical Satellite (IRAS) point sources using the Swedish-ESO SubMillimeter Telescope (SEST) and the SEST Imaging Bolometer Array (SIMBA). Because the Beltrán et al. (2006) maps were made toward IRAS point sources, these sources are likely to contain a protostar or H II region, which gives rise to the IRAS emission; we shall refer to this catalog as the IRAS catalog for convenience. Finally, the APEX (Atacama Pathfinder Experiment) Telescope Large Area Survey of the Galaxy (ATLASGAL; Schuller et al. 2009 ) is a survey of the Galactic plane (± 60 • in longitude over ± 1.5
• in latitude and -80
From a preliminary compact source catalog we chose ATLASGAL sources with peak fluxes above 2 Jy/beam closest to integer Galactic longitudes.
In two cases (G336.994−00.019 and G339.968−00.529), a candidate dense molecular clump was chosen independently from two different catalogs. We consider these sources to belong to both catalogs when considering detection statistics.
In summary, we have combined six separate lists, four of which we expected to select particular evolutionary states (the Spitzer -identified sources and the Beltrán et al. (2006) catalog of IRAS sources), and two of which (ATLASGAL and HOPS) we expected to be less biased with respect to evolutionary status. For both ATLASGAL and HOPS, the most luminous sources will tend to be the hottest, more evolved sources. To select a broad range of evolutionary states from these surveys it is necessary to include some additional information as we discuss in § 5.2.
DATA
We carried out observations for the MALT90 pilot survey in the austral winter of 2009 from June 15-24. The ′′ , this row spacing provides redundancy in the map. OFF positions were chosen at ± 1 degree in Galactic latitude away from the plane (positive offset for sources at positive Galactic latitude and vice-versa), and though the OFF positions were not explicitly checked for line emission, no map showed evidence of contamination from signal in the OFF. A single OFF position was observed for every two scan rows. In general, maps were made scanning in strips of constant Galactic longitude, although for two sources maps were also taken by scanning in strips of constant Galactic latitude.
Pointing on SiO masers was performed every 1-1.5 hour, maintaining pointing precision to better than about 10 ′′ . Typical system temperatures (T sys ) were 150 -250 K and were measured by paddle scans every 15 minutes. Weather conditions were variable. Sources observed under poor system temperatures (T sys > 500 K) or rapidly varying conditions were re-observed under more clement conditions. For each source, only the map taken with the lowest T sys is presented here.
The full 8 GHz bandwidth of MOPS was split into 16 zoom bands of 138 MHz each providing a velocity resolution of ∼ 0.11 km s −1 in each band, easily sufficient to resolve line emission in a high-mass star-forming region. The central frequencies are shown in Table 2 , along with the line targeted at that frequency and what information that line primarily provides. The strongest lines were N 2 H + (1-0), HNC(1-0), HCO + (1-0), and HCN(1-0). These lines are all good tracers of dense gas, but provide slightly different information. N 2 H + is more resistant to freeze-out on grains than the carbon-bearing species (Bergin et al. 2001) . HNC is particularly prevalent in cold gas (Hirota et al. 1998 ). HCO + often shows infall signatures and outflow wings (e.g., Rawlings et al. 2004; Fuller et al. 2005) . These strong lines can all be optically thick. Two isotopologues, H 13 CO + (1-0) and H 13 CN (1-0) were also observed and provide optical depth and line profile information.
13 CS (2-1) is another optically thin column density tracer by virtue of its low abundance. We also include 13 C 34 S (2-1) but this molecule is too rare to be detected.
A number of lines were chosen as tracers of hot core chemistry: CH 3 CN (J K = 5 1 − 4 1 ), HC 3 N (J = 10 − 9), HC 13 CCN (J = 10 − 9, (Brown et al. 1988) . These carbon-bearing species are typically only seen in the hot cores around high-mass protostars once molecules have been liberated off dust grains by radiation or shocks. Three more lines trace particular environments: the recombination line H41α traces ionized gas (Shukla et al. 2004) ; SiO (2-1) is seen when SiO is formed from shocked dust grains, typically in outflows (Schilke et al. 1997) ; C 2 H is produced in photodissociation regions (e.g., Lo et al. 2009; Gerin et al. 2011) , the N = 1 − 0, J = 3/2 − 1/2, F = 2 − 1 transition is the strongest of several C 2 H lines in this spectral window. Henceforth we will refer to these line transitions by the molecule name where this usage is unambiguous (i.e. HCO + instead of HCO + (1-0)). The maps were reduced using the Livedata and Gridzilla packages 10 . Livedata performs bandpass calibration using reference OFF scans and fits a 2nd order polynomial to the baseline. Gridzilla uses this output to construct a uniformly gridded cube. Both polarizations were averaged together. A top-hat smoothing kernel with radius of 30 ′′ was used to determine which spectra contribute signal to a pixel in the output map, and spectra were weighted by the system temperature. This choice of parameters produces an effective beam size of FWHM = 72 ′′ . The final cube is over-sampled in spatial frequency (9 ′′ pixels) and is 4 ′ .6 x 4 ′ .6 with the edges having significantly lower coverage, i.e. integration time. The data are presented on the antenna temperature scale (T * A ). The beam efficiency of Mopra is between 0.49 at 86 GHz and 0.42 at 115 GHz (Ladd et al. 2005) for converting T * A into main-beam brightness temperature (T mb ). All the data are publicly available from the MALT90 website 11 .
ANALYSIS
The MALT90 pilot survey data were used to test some of the analysis tools in development for the full survey. Three different methods were used to assess detection statistics: (1) "by-hand" examination, (2) automated Gaussian fitting based on the HOPS (Walsh et al. 2008) pipeline and (3) moment maps. Although Gaussian fitting is critical for certain measurements (particularly for lines with hyperfine component), moment maps are a fast and relatively robust way to measure basic line properties and this study will focus only on properties wellmeasured by moment analysis. The results of the "byhand" examination were used to select the parameters used in generating moment maps. As a first step to making moment maps, we calculated an error map for each spatial pixel by computing the standard deviation of the spectra at that position using 3σ iterative rejection. In this way, we remove strong line features from the calculation and derive an estimate of the per-channel noise in the spectrum at each point in the map. Our on-the-fly maps have less integration time at the edges, so a spatial error map is required in order to properly assess features near the noisy edges of the map.
Zeroth (M 0 ; integrated intensity), first (M 1 ; central velocity), and second (M 2 ; line-width) moment maps were made according to
where I(ν) is the intensity at a given frequency, ν. The error on the zeroth moment is simply
where σ is the per-channel noise in the spectrum as calculated for our error map and n is the number of spectral channels used. Errors on the first and second moment (σ M1 and σ M2 ) are calculated from propagation of uncertainty on the formulae for M 1 and M 2 above, but are omitted for space. The main choice in making moment maps lies in identifying the region of the cube to use. For the pilot survey automatic line detection was hindered by baseline ripples (particularly in worse weather) and noisy edges on the bandpasses. Improvement to the data processing pipeline are expected to mitigate baseline ripples for the full MALT90 survey and allow for automatic detection of lines, but these were not available for processing the pilot data. Therefore we use hand-identified velocities for each source to make moment maps in fixed-width windows around these velocities. Hand-identified velocities were estimated by recording the velocity at the center of each line as estimated by eye and averaging the velocities from whichever of the four main lines (N 2 H + , HNC, HCO + , HCN) were clearly detected above the noise. Where no line could be identified (53 sources), no moment map was made.
Two different velocity ranges were used for making moment maps, a narrow range for detection and a broader range for measuring line properties. A narrow velocity range (± 2.25 km s −1 ) produced the highest signal to noise measurement for weak, narrow lines by limiting the spectral region considered to the peak of the line. Typical full-width at half-maxima line-widths (∆V FWHM ) for our sources are between 5 and 8 km s −1 (as measured in HNC; see § 5.1), so this narrow velocity range does not adequately measure line properties. Therefore, a broader velocity range (± 8.25 km s −1 ) was also used to make moment maps. This range typically covers most of the line down to the noise, and thus comes much closer to estimating the true moments of the line. In addition, it includes the hyperfine components in both the N 2 H + and HCN lines, providing a better measure of the integrated intensity for those lines; the trade-off is higher noise. We therefore report detections from the narrow velocity integration range (± 2.25 km s −1 ) and report moment information from the broader range (± 8.25 km s −1 ).
Integrated intensity (M 0 ) maps for each source detected in any line are presented in Figure Set 2. To facilitate inter-comparison, all maps are displayed on the same intensity scale, with the lowest contour at 1 K km s −1 which is a typical 5σ uncertainty in the integrated intensity. These moment maps are all made in a fixed velocity range around hand-identified central velocities. We show the spectra for our four main lines at their respective positions of maximum integrated intensity in Figure  Set 3 shows the spectra at the center of the map.
Figure Set 3. For sources without any detections
Basic source properties, including our handdetermined centroid velocities and the per-channel standard deviation at the center of the map (which is representative of the fully-sampled portion of the map) are summarized in Table 3 . In five cases, two distinct and widely separated velocity components were seen in a source. In these cases, each velocity component was used to create moment maps. The stronger line is listed first in Table 3 and is the main line used when considering detection statistics. We did not consider these as separate sources for the detection statistics (because we are interested in knowing if a given catalog will give us a detection at a given spatial position), but did consider them as separate sources (giving us a total of 187 sources) when considering the distributions of measured moments (because they are likely two separate dense molecular clumps at distinct distances as well as velocities).
The positions of maximum integrated intensity within each map were found by making a signal-to-noise ratio map from M 0 and σ M0 , setting the poorly-sampled three edge pixels to zero, boxcar smoothing by a factor of three (i.e. taking the sliding average of three pixels), and identifying the maximum value. This process produces a potentially different maximum integrated intensity position for each line, but this is desirable as several of our sources exhibit strong spatial variation in line intensity ratios. The parameters of the four main lines (N 2 H + , HNC, HCO + , HCN) at their respective positions of maximum integrated intensity are listed in Table 4 .
RESULTS

Detection Statistics and Line Properties
The large size of our data set requires that we set a high level of significance when searching for features to avoid many false positives. With 187 sources, each with 16 lines and 31×31 pixels in each map we are searching for line detections in nearly 3 million spectra. A 5σ detection criteria should produce one false positive per 1.7 million measurements (for a perfectly normal distribution). We consider this to be an acceptably small level of contamination, and refer to a 5σ detection as a robust detection. Additional selection criteria combined with a lower detection threshold could be used to search for additional weak lines. For instance, to improve the completeness of H 13 CO + detections we could adopt a lower σ threshold while constraining the search to locations with significant HCO + flux. Our robust detection rates of the four main lines (N 2 H + , HNC, HCO + , and HCN ) were high (> 90%) for the HOPS, ATLASGAL and IRAS catalogs, and lower (< 60%) for sources chosen based on the morphology of Spitzer emission (see Figure 4) . Detection rates were comparable for the HOPS, ATLASGAL and IRAS samples, and similar for all four species. Five additional species had robust detections: C 2 H, 13 CS, SiO, H 13 CO + and H 13 CN. These detection rates are presented in Figure 5 . C 2 H, in particular, was commonly seen, with detection rates between 10 and 90% for the six different surveys. Again, the HOPS, ATLASGAL and IRAS catalogs produced more robust detections than the catalogs based on the morphology of Spitzer emission. The low detection rates of the three input catalogs based on Spitzer morphology are likely due to these catalogs identifying features which are not truly associated with dense clumps. For instance, 10% to 20% of the IRDC candidates in the Peretto & Fuller (2009) catalog are not detected in the Herschel Hi-GAL survey (Peretto et al. 2010) and only 58% of the IRDC candidates in the Simon et al. (2006) catalog are detected in CS (Jackson et al. 2008) . These non-detections suggest that the IRDC catalogs contain sources with a range of column densities, including sources with low column densities that do not have sufficient column density to be observed with the sensitivity limits of this survey. Table 5 presents the detections and non-detections of lines for all the sources.
The detection statistics correspond to the brightest integrated emission anywhere in the map, not necessarily at the center of the map. Each input catalog provides a central position of the source, which was used as the center of the map. The positions of maximum integrated intensity tend to be clustered at the center of our images (see Figure 6 ) with 50% of maximum integrated intensity detections for each of the four main lines occurring within 40
′′ of the map center. This suggests that the input catalog positions are good choices for the center of the map.
The observed distributions of the integrated intensities and line-widths of the four main species (N 2 H + , HNC, HCO + , and HCN) at the brightest point in each map are displayed in Figures 7 and 8 . Again, the detection criteria is M 0 > 5σ in the narrow (± 2.25 km s −1 ) integration range, but the integrated intensities shown in Figures 7 and 8 and reported in Table 4 are based on the broader range (± 8.25 km s −1 ); some lines are no longer 5σ measurements when using the broader velocity integration range.
The integrated intensities for the four main species at their brightest location in each map show broadly similar distributions. All are incomplete below 2 K km s −1 due to our noise and detection level. Two sources have extremely bright and broad HCO + lines, with M 0 > 20 K km s −1 , possibly indicating the presence of outflows. HNC has relatively fewer lines which are both broad and bright. Although integrated intensity is a distancedependent measurement, most sources are detected in all four lines at the same velocity (and thus distance) or in none of these lines. Therefore the similarity of integrated intensity distributions shows that the line luminosity distributions for these transitions are similar for the majority of these sources (see § 5.3.1 for some counter-examples).
We calculate an effective ∆V FWHM from the second moment (M 2 ) with the formula for a Gaussian profile (∆V FWHM = √ 8 ln 2 × M 2 ), despite the fact that many lines deviate from a Gaussian profile. ∆V FWHM are often reported as a proxy for second moment, so we report this effective ∆V FWHM to facilitate comparison with other studies. We report this quantity only for HNC and HCO + . N 2 H + and HCN are excluded because their hyperfine structure prohibits making a line-width measurement solely from our moment maps.
We compare the HCO + and HNC line-width distributions in Figure 8 for sources where M 2 /σ M2 > 3. We break down the HCO + distribution based on whether H 13 CO + is detected for a given source. The detection of this rare isotope typically indicates an optically thick HCO + line (although a non-detection of H 13 CO + is not a guarantee that HCO + is optically thin). The distributions of ∆V FWHM for HCO + and HNC are broadly similar. We apply a two-sided Kolmogorov-Smirnov (K-S) test and find that we cannot reject the hypothesis that the HNC and HCO + line-widths are drawn from the same population when considering just the HCO + linewidths in sources without a H 13 CO + detection (p-value = 9%) or all the HCO + line-widths (p-value = 32%). The line-width distributions shows in Figure 8 are the line-widths at the positions of maximum integrated intensity for each molecular line transition. If we restrict our analysis to sources for which the positions of maximum integrated intensity for HCO + and HNC are within one 9
′′ pixel (within 13 ′′ to include diagonally adjacent pixels) we can compare line-widths at roughly the same position. Figure 9 shows the results of this comparison for sources where M 2 /σ M2 > 3 in both lines. For the sources with an H 13 CO + detection (i.e. where HCO + is likely to be optically thick) the HCO + line-width is typically larger than the HNC line-width ( ∆V FWHM (HCO + ) − ∆V FWHM (HN C) = 1.15). For the sources without an H 13 CO + detection, the linewidth ratios are correlated and centered around unity ( ∆V FWHM (HCO + ) − ∆V FWHM (HN C) = 0.98). This suggests that the sources with H 13 CO + detections do have optically thick HCO + emission, and that this is what produces their larger line-widths. In the pilot survey, we have no rare isotopologue of HNC to study where HNC might be optically thick, but the main MALT90 survey will include HN 13 C instead of H 13 CN (HCN, because of its hyperfine structure, is less likely to be optically thick for similar line intensities).
Choice of Input Catalog
The first goal of the MALT90 pilot survey was to select an input catalog for the full MALT90 survey. Of the 6 catalogs tested, only HOPS, ATLASGAL and IRAS had sufficiently high (> 90%) detection rates to be used as input catalogs for the main MALT90 survey. There are significant scientific and logistical benefits to using a single catalog when selecting sources. The main advantages are the ability to use a simple and uniform criteria for choosing sources, the ability to compare our observed line properties against properties of the input catalog, and the ability to describe the significance of non-detections. (Walsh et al. 2008 ) is expected to contain a few hundred bright NH 3 sources. Neither HOPS nor IRAS Foster contains a sufficient number of sources for the science goals of MALT90.
ATLASGAL sources appear to sample many Galactic structures. Figure 10 shows the Galactic longitude and velocity of sources with detections (using handdetermined velocities) plotted on the Dame et al. (2001) CO map. The Dame et al. (2001) CO map is presented as a longitude-velocity diagram integrated over −2
• < b < 2 • and has units of K arcdeg. The positions of our sources in this plot all fall within the 0.3 K arcdeg CO contour and most cluster in the portions of stronger CO emission, as expected for dense, star-forming gas. The presence of ATLASGAL sources at many positions in the longitude-velocity diagram indicates that this catalog is detecting sources in a range of Galactic locations.
ATLASGAL sources cover a range of evolutionary states. The initial results of ATLASGAL found twothirds of the sources do not have a mid-or farinfrared counterpart in the Midcourse Space Experiment (MSX) and IRAS catalogs. A closer inspection of IRAS/MSX dark sources in more sensitive Spitzer GLIMPSE/MIPSGAL images reveals many of them associated with weaker infrared sources but still a considerable fraction of the submillimeter emission appear dark in the Spitzer images (e.g., Fig. 13 and 14 of Schuller et al. 2009 ) and work on the first compact source release catalog demonstrates that ATLASGAL will provide enough sources in each evolutionary state as assessed by the Spitzer emission morphology scheme shown in Figure 1 .
We thus choose ATLASGAL as the sole input catalog for the MALT90 survey because it meets all our requirements for a source list. ATLASGAL sources had high detection rates in this pilot survey, include a diversity of evolutionary states, and cover a broad range of Galactic positions. Choosing ATLASGAL as the sole input catalog also provides the benefits of having a single uniform catalog when selecting sources. We can choose our sources with a single uniform criteria and compare our MALT90 measurements against ATLASGAL catalog properties such as the flux and extent of 870 µm emission.
MALT90 Survey Strategy
The second goal MALT90 pilot survey was to test the observing set up and verify that it allows us to achieve our science goals. MALT90 is fundamentally a mapping survey; although some science goals (such as determining distances to clumps) could be achieved with a single pointing, the majority of our science goals rely on maps. Our configuration allows us to map sources in multiple lines at high spectral resolution. Maps of multiple lines allows us to study the chemical variation within a clump, which is most useful if clumps are typically spatially resolved and at least sometimes exhibit strong chemical variation. Mapping at high velocity resolution (0.11 km/s) allows us to study spatial variation in line profiles which may indicate changes in the strength of turbulence, large scale motions (rotation, shear, infall or outflow), or multiple velocity components. The pilot survey allowed us to verify that our on-the-fly maps had sufficient sensitivity and that we could make maps without significant artifacts.
Mapping Multiple Dense-gas Tracers to Reveal Chemistry
We see strong chemical variation in the MALT90 pilot sources which validates our decision to map multiple lines in these sources. All four of our main lines (N 2 H + HCN HCO + and HNC) are ground state transitions of molecules with similar critical densities. As tracers of dense gas, the emission from these lines typically show similar morphologies in MALT90 pilot sources, but this is not always the case. Figure 11 shows two example sources where N 2 H + varies significantly with respect to the other species. Figure 11 shows one source where the maximum N 2 H + integrated intensity is a factor of 4-8 times weaker than the other three main lines. Conversely, the other source in Figure 11 has N 2 H + emission which is twice as strong as that of HCN, HCN or HCO + . Large variation in the HCO + /N 2 H + integrated intensity ratio in high-mass star-forming regions has been noted before (e.g., Turner & Thaddeus 1977; Walsh & Burton 2006) . Thus, the combination of mapping in several lines simultaneously gives us the most complete picture of the spatial distribution of the various molecules, which is crucial to studying variations in the chemistry with the MALT90 sources.
Mapping Strategy
Mapping artifacts are seen in many of our maps, typically manifesting as stripes in the direction of scans. Our sources were generally mapped with scans of constant Galactic longitude so that each strip in Galactic longitude uses the same reference spectrum. Noise or gain variations in this reference spectrum can therefore produce stripes in the map, and this phenomenon is particularly prevalent in sources observed in bad weather. We chose to map using scans of constant Galactic longitude for the pilot survey because most extended structures in the Galactic plane are parallel to the plane. Thus, noise stripes are easier to identify, since they typically run perpendicular to real features. We mapped two sources (G305.887+00.016 and G308.058−00.397) in both Galactic longitude and latitude to see if this would mitigate the striping. Figure 12 shows the two individual maps for G308.058−00.397 as well as the combination of both maps for a signal-free 13 C 34 S cube. The striping visible in the scan direction in both individual maps is significantly reduced in the combined image. We therefore decided to map using scans of both constant Galactic longitude and latitude in the full MALT90 survey. Figure 13 shows the central portion of the maps for the source G321.935−00.007 in HNC and HCO + . The HCO + line shows self-absorption at the systemic velocity (traced by the HNC which shows little or no nongaussianity). In the lower-right portion of the map, this self-absorption shows an asymmetric profile with brighter blue-shifted emission. Such a profile is characteristic of infall of cold gas toward a hot central source (e.g., Mardones et al. 1997 ). This characteristic shape is not present in the upper-left of the map, where we see a red-shifted profile usually associated with expansion. It is possible that infall is happening only in part of this source or that other kinematic complexity is present; the In addition, four IRAS sources with Galactic longitude between -70 and -100 degrees were omitted to display the remaining sources at a larger scale. These four omitted sources all also lie within the CO 0.3 K arcdeg emission contour. large variance of this complex line shape over the source demonstrates the value of mapping at high velocity resolution.
The Value of High-resolution Velocity Information
Studying Different Stages of Evolution
The many lines observed in MALT90 provide information about the evolutionary state of the clumps observed. This information can be combined with Spitzer morphological classification and dust temperature determination from spectral-energy distribution fitting (e.g., Rathborne et al. 2010; Peretto et al. 2010) to constrain the evolutionary state of a clump. As a short example we present three sources in different Spitzer morphological states and show what information can be gained from the molecular lines in each case. Figure 14 shows G330.873−00.361, a clump drawn from the HOPS survey catalog and classified as an H II region from the Spitzer GLIMPSE/MIPSGAL images due to its strong extended 8 and 24 µm emission. The presence of CH 3 CN (J K = 5 1 − 4 1 ) emission identifies the hot core associated with a massive protostar since this molecule is seen only in warm (T > 100 K) and dense (n > 10 5 cm −3 ) regions and is often detected in H II regions (e.g., Purcell et al. 2006) . The location of the core is also the position of maximum integrated intensity for most of the other molecules (HCN, HNC, SiO, 13 CS), but not N 2 H + , which peaks in the south at the position of a 24 µm point source. Although this source is clearly identified as an H II region from the characteristic Spitzer appearance of a 24 µm inner bubble surrounded by a ring of 8 µm emission (e.g., Watson et al. 2008) , the Figure 12 . Zeroth moment (integrated intensity) maps of 13 C 34 S in G308.058−00.397. 13 C 34 S has very low abundance, so these maps show only noise. In panel (a) the map was made with scans of constant Galactic longitude, which is the default mode for the MALT90 pilot survey. In panel (b) the map was made with scans of constant Galactic latitude. In panel (c), the two individual maps were combined, reducing the striping artifacts visible in maps (a) and (b). This reduction of artificial structure motivates combining maps scanned in both directions in the full MALT90 Survey.
detection of a hot core molecule identifies the location of the central exciting source. The chemical difference (N 2 H + /HCO + ratio) between the southern source suggests either a different luminosity for the exciting source or a different evolutionary state. Figure 15 shows G335.075−00.411, a clump drawn from the HOPS survey catalog and classified as protostellar from the Spitzer GLIMPSE/MIPSGAL images due to the presence of 24 µm point sources within a dark extinction feature without extended 8 or 24 µm emission. The spatial coincidence of the 24 µm point sources and the 8 µm extinction feature suggests that the 24 µm point sources are associated with the clump, and the MALT90 pilot survey data confirms this association. The N 2 H + integrated intensity contours trace the 8 µm emission extinction feature. There is SiO emission at the same velocity at the position of the brightest 24 µm point source. Since SiO emission is normally associated with outflow activity in protostars (e.g., López-Sepulcre et al. 2011), a detection of this line at the same velocity as the clump is strong evidence that the 24 µm point source is associated with this clump. Figure 16 shows G322.668−00.038, a clump drawn from the GLIMPSE-Dark catalog and classified as quiescent from the Spitzer GLIMPSE/MIPSGAL images due to the lack of 8 or 24 µm emission inside the 8 µm extinction feature. As a quiescent clump in the early stages of evolution, this object displays less complex chemistry than clumps in more evolved stages with only the four main lines (N 2 H + , HNC, HCO + , and HCN) detected. The HNC integrated intensity emission shows two distinct peaks associated with two of the darkest 8 µm extinction features. The velocity field of HNC shows that these two peaks are at very similar velocities (-64 km s
and -65.6 km s −1 ), strongly suggesting that both peaks are at the same distance and that the entire extinction feature is a single physical object. We use the Clemens (1985) rotation curve to calculate a kinematic distance for this clump; the near distance is 4.27 kpc and the far distance is 9.25 kpc. Because we see the clump as an extinction feature against the diffuse Galactic background, it is reasonable to assume that the near distance is correct. The MALT90 map therefore allows us (1) to identify which extinction features are likely a single physical object versus a chance projection and (2) to assign a distance which is useful for any further study of this object.
CONCLUSION
We have described the MALT90 pilot survey, carried out to demonstrate the feasibility of the MALT90 survey, identify the best input catalog for choosing MALT90 targets, and optimize the survey parameters. We choose the ATLASGAL (Schuller et al. 2009 ) catalog as our source list on the basis of its high detection rates for the main four survey lines (> 90% for N 2 H + , HNC, HCO + , and HCN) and the large number of dense molecular clumps in different evolutionary stages in this catalog. The surveys which provided a prior selection for regions of high column density, either from optically-thin dust (ATLAS-GAL at 870 µm, the Beltrán et al. (2006) survey at 1.2-mm) or another dense gas tracer (NH 3 from HOPS) produced much higher detection rates than choosing sources identified based on Spitzer emission morphology without this prior.
We have briefly summarized the data obtained from the MALT90 pilot survey and highlighted some of the science possible with this survey including studying chemical variation, the kinematics of massive dense clumps and the galactic distribution of dense molecular clumps associated with high-mass star formation. We have made the full data-set publicly available through this publication and the MALT90 website, including reduced datacubes and uniform moment maps which facilitate easy inspection of the data. This collection is already one of the largest sets of 90 GHz molecular line maps for dense molecular clumps. The full survey is underway and plans to map a total of 3,000 candidate dense molecular clumps, increasing this sample by an order of magnitude and providing a valuable database for studying many aspects of high-mass star formation.
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